ABSTRACT Objective: To compare the executive functions of children and adolescents with idiopathic epilepsy with a control group and to correlate with clinical data, intelligence and academic performance. Method: Cross-sectional, descriptive and analytical study. Thirty-one cases and thirty-five controls were evaluated by the WCST (Wisconsin Card Sorting Test).The results were compared with clinical data (seizure type and frequency, disease duration and number of antiepileptic drugs used), IQ (WISC-III) and academic performance (APT). Results: Patients with epilepsy had poorer executive function scores. There was no positive linear correlation between test scores and epilepsy variables. There was a positive association between academic performance and some executive function results. Conclusion: Children with well controlled idiopathic epilepsy may show deficits in executive functions in spite of clinical variables. Those deficits may influence academic performance.
Epilepsy is a brain disorder caused by an enduring predisposition to generate epileptic seizures and its neurobiological, cognitive and psychosocial consequences, with the occurrence of at least one epileptic seizure 1 . Epilepsy is not a single disease, but a syndrome of varied etiology (genetic, vascular, neurometabolic, structural or traumatic), not always identified. It's the most common chronic neurological disease of childhood 2 .
There is a high cognitive and behavioral comorbidity in childhood and adolescence epilepsy, even in individuals with normal intelligence. There is an increased frequency of learning disorders and attention deficit and hyperactivity disorder (ADHD) in idiopathic epilepsy. Several epilepsy variables seem to impact on cognition, behavior and academic skills, including age of onset, disease duration, seizure severity, seizure type and antiepileptic drugs 2 . Also, genetic and environmental influences the degree of cognitive impairment, academic, behavioral and social performance in individuals with epilepsy 3, 4, 5, 6 . Executive functions (EF) are a set of cognitive skills that enable the individual performance of voluntary actions to orient goals 7 , encompassing control processes in cognitive, emotional and social areas 8 . They are responsible for 1 Departamento de Psiquiatria, Universidade Federal do Rio de Janeiro, Rio de Janeiro RJ, Brazil;
focusing, guiding, directing, managing and integrating cognitive functions, emotions and behaviors necessary to the active solution of new problems, resulting in effective and adaptive behaviors 7 . Deficits in EF reduces the capacity of one individual to successfully engage in important activities of daily life, including academic and occupational pursuits, social activities and self-care 9 . Executive functions play an important role in learning in childhood 10, 11, 12, 13, 14, 15, 16, 17 and is compromised in specific or general aspects in several common neuropsychiatric epilepsy comorbidities, such as ADHD, learning disorders, intellectual deficiency and autism spectrum disorders, all of them common comorbidities in childhood epilepsy 18 . Executive function domains mature at different moments from childhood to adulthood 2 . An earlier developmental period occurs between birth and 3 years old (attentional control skills, inhibition and self-regulation) and more complex processes (planning, organization, cognitive flexibility and concept formation) show the most significant developmental increments between 7 and 9 years of age 19 . Such complex cognitive skills may be particularly susceptible to the early influence of epilepsy, due to their protracted development, with the full extent of deficits not apparent until well into adolescence, when these skills are expected to be mature 19 . Rzezack et al. 20, 21 found deficits in temporal lobe epilepsy. Half the sample was free from seizures. Høie et al. 22 ,23 also found executive function deficits in several other epilepsy syndromes, with the exception of Rolandic epilepsy. One author found an association between low executive function scores and higher behavior problem scores 24 and another with poorer quality of life 25 . No studies addressed directly the relationship between executive function and academic performance in children and adolescents with epilepsy 22 . There are few studies about executive functions in patients with idiopathic well controlled epilepsy, even much more in Brazil. This study was carried out to know if and how epilepsy impacts on executive functions in children. It's important not only for better understanding, but also for proper treatment and provide a better quality of life for these patients. The objective of the present study is to analyze the executive function in a clinical sample of Brazilian children and adolescents with idiopathic epilepsy in relation to epilepsy clinical variables and school performance.
METHOD Subjects
Thirty one, consecutively seen, pediatric patients treated at the clinic of Pediatric Neurology, Hospital Universitário Antonio Pedro of Universidade Federal Fluminense, located in a midsize city in Niterói, Rio de Janeiro Brazil, were selected by the following criteria: diagnosis of epilepsy and idiopathic epileptic syndrome established as clinical, electroencephalographic criteria of ILAE 1 , aged between 6 and 16 years old, regular attendance at school (at least in 1 st year of elementary school), normal neuroimaging and normal neurological examination. The caregivers must have intellectual conditions to respond (alone or with assistance) the instruments of research.
An equal number of healthy controls, matched for age and sex, were subjected to the same procedures, as well as their caregivers. The study was approved by the local Ethics Committee. All caregivers signed an informed consent form. Number difference between patients and controls was due to asymmetric losses because of low IQ.
Assessment
Patients underwent neuropsychological evaluation to determine intelligence (WISC-III), executive function profile (WCST) and academic performance (APT).
Wechsler Intelligence Scale Children (WISC-III) assesses the intellectual ability, consisting of several subtests, each measuring a different aspect of intelligence. The performance on these subtests is summarized in three composite measures (Verbal, Performance and Total IQ) and four index factors (Verbal Comprehension, Perceptual Organization, Freedom from Distractibility and Processing Speed). Some of the WISC subtests are high dependent on attention and are also analysed (Arithmetic, Digits, Coding) 26 . Wisconsin Card Sorting Test (WCST) is one of the most commonly used instruments for the assessment of executive function and is considered a significant measure of cognitive flexibility, attention, and impulsivity. The test assesses abstract reasoning, the subject's ability to generate problem, solving strategies in response to changing conditions, and may be regarded, therefore, as a measure of flexibility of thought. WCST enables sixteen indicators: number of trials administered, total number correct, total number of errors, percent errors, perseverative responses, percent perseverative responses, perseverative errors, percent perseverative errors, non-perseverative errors, percent non-perseverative errors, conceptual level responses, percent conceptual level responses, number of categories completed, trials to complete first category, failure to maintain set and learning to learn 26 . Academic Performance Test (APT) provides an objective assessment of the capabilities critical to school performance, specifically writing, arithmetic and reading, indicating which areas of school learning that are preserved or impaired. It's a Brazilian version of achievement tests 26 .
Statistical analysis
It was used the Statistical Package for Social Sciences Release (SPSS 17.0) for Windows (SPSS, 2008) . Data were presented in their basic aspects (demographic, clinical, neuropsychological assessment and scholastic performance) using descriptive statistics. Qualitative variables (categorical dichotomous and polytomous) were described in simple frequencies and quantitative ones as mean, standard deviation and limits. The hypothesis tests were performed within the specific objectives and selected according to the type of variable used: categorical, continuous, quantitative and discrete ones. Whenever possible, the accuracy of estimates was expressed through the Confidence Interval (CI). The following non-parametric tests were used: Mann-Whitney (dichotomous categorical variables ¾ numerical variables) and Spearman correlation coefficient (correlation between numerical continuous variables).
The following study hypotheses were tested: there was a greater prevalence of executive dysfunction in children and adolescents with epilepsy in comparison to a healthy control group, as measured by the mean score results of WCST; patients with executive dysfunction had worse academic achievement and there was an association between clinical characteristics of epilepsy (disease duration, seizure frequency, type of seizure and polytherapy) and executive function profile.
RESULTS

Clinical and sociodemographic data
There were no statistical differences in gender and caregiver educational level (patients 10.3±5.0 vs. controls 9.8±2.9 years of study) between cases and controls, only in age (patients 11.0±2.2 vs. controls 9.8±1.0 years old) and education (patients 5.1±2.4 vs. controls 4.0±1.0 years of study). This difference doesn't seem of clinical relevance. The duration of epilepsy ranged from 12 to 120 months, with a mean of 53.37 months (SD 30.7). Twenty-two (71%) patients had generalized epilepsy and 8 (25.8%) had focal epilepsy. Thirty-one (67.7%) patients were on monotherapy, 6 (19.4%) were on polytherapy and 3 (9.7%) patients discontinued antiepileptic drugs in the last year. 23 patients (74.2%) had no seizures in the last year and 8 patients (25.8%) had less than 3 seizures in the same period. The family history of epilepsy was negative in 23 patients (74.2%). Table 1 describes the average IQ results of children and adolescents with epilepsy compared to the control group. Significant difference was found only in the processing speed factor, with the worst results for children and adolescents with epilepsy. Table 2 describes APT subtests. There was no statistically significant difference in reading, writing and total subtests scores between the groups. 
Neuropsychological results
Comparison between WCST and clinical variables
There were no statistical differences between WCST and clinical variables such as disease duration, seizure type and number of antiepileptic drugs. Comparison between WCST and academic achievement Table 4 shows the comparison between WCST and APT results of children and adolescents with epilepsy. Positive correlation was observed in the following items: Number of trials administered, total number of errors, perseverative errors, percent perseverative errors, non-perseverative errors, percent non-perseverative errors, number of categories completed, trials to complete first category, failure to maintain set and learning to learn. There was a negative relationship in the following items: total number correct and perseverative responses.
DISCUSSION
Our patients had a benign profile of epilepsy, with most patients presenting few or no seizures. We found poorer results in patients with epilepsy, with no correlation with clinical variables (type of epilepsy, duration of illness, seizure frequency, number of antiepileptic drugs), and a positive relation to academic performance.
We found impairment in some WCST categories (perseverative errors, number of categories completed, trials to complete the first category and failure to maintain set). Only two other study groups used the same instrument for executive function analysis. Høie et al. 22, 23 , in population studies of more than a hundred children with epilepsy also found changes on WCST categories for several epilepsy syndromes, with the exception Rolandic epilepsy: number of trials administered, the total number correct, the total number of errors, perseverative responses, perseverative errors, non-perseverative errors and number of categories completed. Our results were not related to seizure type; both generalized and focal epilepsy showed poor EF results, but we didn't analyzes epilepsy syndromes.
A Brazilian group studied EF in patients with temporal lobe epilepsy 20, 21 and found changes in the number of categories completed, number of perseverative and non-perseverative errors, perseverative responses and failure to maintain set. In one of the studies they found a relationship between EF and memory skills. The authors raises critics to the use of WCST as the single test to analyze EF. Although WCST is considered the "gold standard" for assessing executive dysfunction in patients with epilepsy, the classic concept of EF as a multidimensional construct makes a single measure to evaluate all processes insufficient. Subjects may present impairment in some, but not all functions of the executive and attentional domains.
Other studies used different tests to analyze EF. Parrish et al. 27 studied a similar sample, children with a more benign profile of epilepsy, using different tests of EF and also found results consistent with ours.
We didn't find any correlation with clinical variables (type of epilepsy, duration of illness, seizure frequency, number of antiepileptic drugs). Gelziniené et al. 28 , found changes in cognitive flexibility and susceptibility to interference without correlation with clinical aspects of epilepsy. They analyzed a short duration group of idiopathic generalized epilepsies in adolescence (mainly juvenile myoclonic epilepsy) by means of verbal fluency test, five, point test, trail, making test and Stroop test. Høie et al. 22 found poorer results related to early epilepsy onset, high seizure frequency and polytherapy.
Although we didn't find differences between groups in relation to academic achievement, there was a positive correlation between APT and some WCST categories, which may explain poorer results at least for some patients. Høie et al. 22 found that adjustment for executive function explained most of the poorer school performance, followed by cognitive function, and depression and that socioeconomic status did not explain this difference. This study , using the CBCL for behavior problem analysis, we found worse results in psychopathology in children with epilepsy with certain psychopathological variables related to IQ (sluggish cognitive time, aggressive behavior, attention problem and activities) and academic performance (conduct, breaking rule behavior and school), also with no relation to clinical variables. Such results are probably related to the impact of psychological distress on cognitive performance and greater chance of absenteeism and poor compliance to studies. Høie et al. 23 found a combined burden of cognitive, EF and psychosocial problems in children with epilepsy. We also analyzed the ADHD comorbidity in this sample, which was higher in patients with epilepsy. ADHD is a prototype of developmental executive dysfunction.
In conclusion, children and adolescents with well controlled idiopathic epilepsy may show deficits in EF not influenced by number of seizures, but that correlates to academic performance.
This study reinforces the importance of a thorough neuropsychological examination of children and adolescence with epilepsy. Further studies should address other influences such as cognitive comorbidities, subtle electroclinical dysfunction and social issues.
